Dry-cured ham by-products have been traditionally used in Mediterranean household cooking of broths and stews. The aim of this work was to evaluate the effect of cooking treatments and in vitro gastrointestinal digestion on the antioxidant activity of natural peptides found in bones from Spanish dry-cured hams. The antioxidant activity was tested using five different assays and results demonstrated that cooking using conventional household methods increased the antioxidant activity of ham by-products when assessed using different antioxidant assays with the exception of the ABTS radical scavenging measurement assay. Simulated gastrointestinal digestion showed no significant effect on the antioxidant activity of ham by-products and antioxidant activity decreased when assessed using the ORAC and β-carotene bleaching assays. Analysis by MALDI-TOF MS revealed a considerable breakdown of peptides due to the action of gastrointestinal enzymes, mainly in samples cooked at 100 ºC for 1 h. In addition, 459 peptides derived from 57 proteins were identified and quantified using mass spectrometry in tandem, evidencing that peptides derived from collagen protein were responsible for the differences in antioxidant activities observed between the uncooked and cooked samples after digestion. The results show the potential of dry-cured ham bones as a source of antioxidant peptides that retain their bioactivity after household cooking preparations and gastrointestinal digestion.
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4 used to determine the bioaccessibility and availability of bioactive peptides (Escudero, Sentandreu, Arihara, & Toldrá, 2010; Zhu, Zhang, Zhou, & Xu, 2016) . Antioxidant peptides are interesting as they can provide natural protection against oxidative processes that occur in foods, which are associated with changes in sensory traits and nutritional value, quality deterioration and, consequently, economic losses for food industries. Moreover, in terms of health effects in the human body, antioxidant peptides are thought to decrease the adverse effects of reactive oxygen species (ROS) on normal physiological functions and thus the risk for development of some degenerative diseases (Sarmadi & Ismail, 2010; Samaranayaka & Li-Chan, 2011 ).
The main purpose of the present study was to evaluate the effect of cooking treatments that simulate traditional Mediterranean household cooking of broths, and in vitro gastrointestinal digestion on the antioxidant activity and peptide profile of water-soluble extracts obtained from dry-cured ham bones.
Materials and methods

Chemicals and reagents
Enzymes used for the in vitro gastrointestinal digestion: salivary α-amylase, porcine pepsin, porcine pancreatic α-amylase, porcine pancreatic lipase, and porcine bile extract were purchased from Sigma-Aldrich, Co. (St. Louis, MO, USA). Trypsin and chymotrypsin enzymes were from Fluka (Sigma-Aldrich, Co., St. Louis, MO, USA).
A C C E P T E D M A N U S C R I P T
5 from Sigma-Aldrich, Co. (St. Louis, MO, USA). Potassium persulfate, butylated hydroxytoluene (BHT) and butylated hydroxyanisole (BHA) were purchased from Panreac Química, S.A.U. (Barcelona, Spain). All used chemicals and reagents were of analytical grade.
Sample preparation and peptide extraction
Samples of femoral bones were obtained from six Spanish dry-cured hams with 18 months of processing, after the removal of muscles and fat. Bones were minced and 50 g of sample was subjected to different conditions in order to study their influence on the extraction and generation of peptides For this purpose, one sample was homogenised in 200 mL of water as a control; two samples were cooked in 200 mL of water at 100 ºC for 20 min and 100 ºC for 1 h, respectively, in order to simulate Mediterranean household cooking methods; and two samples were mixed with 200 mL of 0.5 N HCl and 0.01 N HCl, respectively. The extraction of peptides was done as described by Gallego, Mora, Aristoy, and Toldrá (2015a) . Samples were homogenised in a stomacher for 8 min and kept at 4 °C overnight with continuous stirring. The resulting homogenate was centrifuged at 12,000 g (20 min at 4 °C) and the supernatant was filtered through glass wool. Precipitation of proteins was done by the addition of 3 volumes of ethanol and maintaining the sample at 4 °C for 20 h. After centrifugation at 12,000 g for 10 min (4 ºC), the supernatant was dried in a rotatory evaporator and finally lyophilised.
Sampling preparation and peptide extraction was done in triplicate.
In vitro gastrointestinal digestion
All samples were subjected to in vitro digestion according to the methodology described by Minekus et al. (2014) with some modifications. Briefly, 500 mg of sample were suspended in 2 mL of 0.2 M NaHCO 3 (pH 7.0). A total of 27 U/mL of salivary α-amylase solution and 37 μL of 50 mM CaCl 2 were added and the mixture was A C C E P T E D M A N U S C R I P T 6 maintained for 3 min at 37 ºC to simulate the oral phase. Then, the pH was adjusted to 3.0 with 1 M HCl to expose samples to the gastric phase. For that, porcine pepsin was added to achieve 2000 U/mL in the final mixture followed by 4 μL of 50 mM CaCl 2 .
After 3 h of digestion at 37 ºC and constant stirring, the enzyme was inactivated by adjusting pH to 7.0 with 1 M NaOH. Digestive enzymes were added to the mixture to achieve the following activities in the final mixture: 100 U/mL of trypsin, 25 U/mL of chymotrypsin, 200 U/mL of porcine pancreatic α-amylase, 2000 U/mL of porcine pancreatic lipase and 10 mM of porcine bile extract. A total of 16 μL of 50 mM CaCl 2 was also added, and after 3 h at 37 ºC the intestinal digestion was finished by heating for 2 min at 95 ºC. The mixture was deproteinised by adding 3 volumes of ethanol maintaining the sample at 4 °C for 20 h, and centrifuged at 12,000 g and 4 °C for 10 min. Finally, the supernatant was dried in a rotatory evaporator and lyophilised.
Antioxidant activity
The antioxidant activity was determined in triplicate using five different methods. For that, stock solutions of 500 mg/mL in bidistilled water were prepared for all samples, before and after in vitro digestion.
DPPH radical scavenging activity
The DPPH activity of samples was determined as described by Bersuder, Hole, and Smith (1998) . Briefly, 100 L of each sample was mixed with 500 L of ethanol and 125 L of DPPH solution (0.02 % of DPPH in ethanol). The mixture was incubated in the dark for 60 min and the reduction of DPPH radicals was measured at 517 nm. A reduction in the absorbance of the reaction mixture indicates higher free radical scavenging activity. Bidistilled water was used as negative control and BHT as positive control. The scavenging activity was calculated using the following equation: DPPH
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A C C E P T E D M A N U S C R I P T 7 radical scavenging activity (%) = (Absorbance control -Absorbance sample) x 100 / Absorbance control.
Ferric-reducing antioxidant power
The reducing power was measured based on the ability to reduce ferric iron to ferrous iron (Huang, Tsai, & Mau, 2006) . A total of 70 L of each sample was mixed with 70
L of phosphate buffer (200 mM, pH 6.6) and 70 L of potassium ferricyanide (10 mg/mL). The mixture was incubated at 50 ºC for 20 min, and 70 L of trichloroacetic acid (100 mg/mL) was added before a centrifugation step at 200 g for 10 min. Then, 200 L of the supernatant was mixed with 200 L of bidistilled water and 40 L of ferric chloride (1 mg/mL). The absorbance was measured at 700 nm after 10 min of incubation. Higher absorbance values indicated higher ferric-reducing power. BHT was used as positive control.
ABTS radical scavenging capacity
The ABTS assay was performed as described by Re et al. (1999) 
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Oxygen radical absorbance capacity assay (ORAC)
ORAC assay using fluorescein (FL) was carried out according to the method described by Dávalos, Gómez-Cordovés, and Bartolomé (2004) 
β-carotene bleaching assay
The ability of samples to prevent β-carotene bleaching was assayed as described by Koleva, Van Beek, Linssen, De Groot, and Evstatieva (2002) with some modifications.
A total of 0.5 mg of β-carotene, 20 μL of linoleic acid and 200 μL of Tween 80 were dissolved in 1 mL of chloroform to obtain the β-carotene/linoleic acid solution. Then, chloroform was totally evaporated in a rotatory evaporator at 40 °C, and 100 mL of bidistilled water was added and vigorously stirred. Finally, 50 L of sample was mixed with 250 L of the β-carotene solution and the absorbance was measured at 450 nm immediately (t 0 ) and after 180 min of incubation at 50 ºC (t f ). Bidistilled water was used as negative control and BHA as positive control. The antioxidant activity was calculated as: Antioxidant activity (%) = (1 -(Absorbance sample t 0 -Absorbance sample t f ) x 100 / (Absorbance control t 0 -Absorbance control t f )).
MALDI-TOF MS analysis
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In order to analyse the profile of peptides obtained after the different extractions, samples before and after gastrointestinal digestion were analysed by matrix-assisted laser desorption/ionization time-of-flight mass spectrometer (MALDI-TOF MS) as described by Gallego et al. (2015a) . An aliquot of 15 L of sample from stock solutions was concentrated using Zip-Tip C18 with standard bed format (Millipore Corporation, Bedford, MA) and 1 L of each sample was located into a MALDI plate. The analysis was done in a MALDI-TOF/TOF instrument, which was used in automatic positive-ion reflector mode for mass analysis between 350 and 850 Da. Spectra were obtained from 3,000 shots in every position with a laser intensity of 3500. The analysis of data was done using mMass software (http://www.mmass.org).
nLC-MS/MS analysis
The identification of peptides was performed by nanoliquid chromatography-tandem mass spectrometry (nLC-MS/MS) according to the methodology used by Gallego, Mora, 
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10 which a 250 ms TOF MS scan from 300 to 1250 m/z was performed, followed by 50 ms product ion scans from 100 to 1500 m/z on the 50 most intense 1 to 5 charged ions.
Data analysis
Mascot Distiller v2.4.2.0 software (Matrix Science, Inc., Boston, MA, USA;
http://www.matrixscience.com) was used in the identification and quantification of the natural peptides extracted from broths. The identification of peptides and protein of origin was done using UniProt database with a significance threshold of p < 0.05 and a tolerance on the mass measurement of 100 ppm in MS mode and 0.3 Da for MS/MS ions. Mammalia taxonomy and none specific enzyme were selected.
The relative quantification was performed using the label-free approach described by Gallego et al. (2015b) . This label-free approach is based on the measurement of the integrated areas of extracted ion chromatograms (XICs), whose combination allows the ratios for individual peptides to be determined. For that, Mascot search engine assigns peptide matches to the origin protein during identification, which requires robust search parameters as quantification is done at peptide level. Quantitative data was obtained In the present work, the antioxidant activity was measured by five different methods before and after digestion of samples (Figures 1 and 2 ). In the DPPH radical scavenging activity assay, the highest antioxidant activities were obtained for samples cooked for 20 min and 1 h, reaching percentage values of 53.05 ± 2.03 and 64.89 ± 1.51, respectively ( Figure 1A ). After digestion, no significant effect was observed in any sample, except in the case of the sample extracted with H 2 O that showed a notable increase at all the tested concentrations ( Figure 1B ). On the other hand, ferric-reducing antioxidant power assay revealed that the sample cooked at 100 ºC for 20 min showed the highest absorbance measured at 700 nm for a concentration of 2.5 mg/mL, indicating a significant higher antioxidant activity ( Figure 1C ). After digestion using gastrointestinal enzymes, the antioxidant activity increased in samples extracted with
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A C C E P T E D M A N U S C R I P T 12 0.5 N HCl, 0.01 N HCl and H 2 O, showing no effect for cooked samples during 20 min and 1h ( Figure 1D ). All samples reached the same maximum value at 5 mg/mL, with the exception of the sample 0.5 N HCl that displayed a marked increase on the antioxidant activity after the simulated digestion, although it was the lowest value obtained ( Figure 1D ).In contrast to the other methods, the β-carotene bleaching assay revealed that the sample 0.5 N HCl presented the highest antioxidant capacity (91 %), followed by samples subjected to cooking treatments that reached values around 85 % ( Figure 1E) . Nevertheless, the antioxidant activity after digestion was decreased significantly for the sample 0.5 N HCl (75 %) and the cooked at 100 ºC for 1h (from 85 % to 63 %), whereas the activity of the sample H 2 O presented a sharp increase at the lowest concentrations tested in the assay ( Figure 1F ). 
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14 showed higher antioxidant activity than uncooked samples in all methods evaluated except for the ABTS radical scavenging assay. This fact suggests that there has been no reduction, but rather an increase of potentially bioactive peptides after household preparations using dry-cured ham bones probably due to the generation of novel antioxidant peptides with satisfactory heat stability. Nevertheless, the in vitro digestion of samples showed non-significant effect on the antioxidant activity, showing that the active structure of antioxidant peptides was not fully disrupted by gastrointestinal enzymes. Regarding the evaluated effect of acid concentration on the extracted peptides, the low values of antioxidant activity obtained indicate that more acidic conditions did not increase the generation/extraction of a higher amount of peptides but could negatively affect the structure stability of peptides and thus their antioxidant capacity.
Peptide profile before and after digestion of samples
The gastrointestinal digestion has a key influence on the release of peptides from parent proteins as well as on the modification or breakdown of peptides that can exert antioxidant properties. In fact, enzyme specificity affects amount, size, composition of peptides and their amino acid sequence, influencing the antioxidant activity of the digested samples (Sarmadi & Ismail, 2010; Samaranayaka & Li-Chan, 2011) . So, the analysis by MALDI-TOF MS was used to evaluate the stability of the peptides, comparing the peptide profile of samples before and after the in vitro digestion.
As illustrated in Figure 3 , the profile of peptides of the uncooked sample (H 2 O) before digestion was significantly different to the profiles of cooked samples. After heat treatments, a higher amount of peptides smaller than 450 Da were detected, evidencing the generation of novel antioxidant peptides after the household preparations. Also there is a higher amount of smaller mass peptides in samples after simulated digestion, suggesting the degradation of bigger peptides by the action of the added enzymes. In
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15 particular, samples cooked at 100 ºC during 1 h were those whose digestion was more noticeable, showing a larger amount of peptides lower than 450 Da ( Figure 3E ). Recent studies have shown that cooking treatments affect the digestion rate of proteins due to changes in their conformation that can modify the bioaccesibility of enzymes to their cleavage sites (Bax et al., 2012; Wen et al., 2015) . However, this work revealed that the antioxidant activity of these cooked samples decreased for the ORAC and β-carotene bleaching assays, while the values obtained with the ET-based methods were not modified. These results could be explained by the fact that antioxidant activity is not only related to the size of peptides but also to their amino acid composition, structure, and hydrophobicity, which determine the mechanism (HAT or ET) and efficiency of the antioxidants (Chen, Muramoto, Yamauchi, Fujimoto, & Nokihara, 1998; Prior et al., 2005) . A study done by Damgaard, Lametsch, and Otte (2015) showed that the antioxidant capacity of hydrolysed animal by-products mainly correlates with the amino acid composition. The aromatic amino acids Trp, Tyr, and Phe, as well as Cys, Met, and
His have been reported to show high antioxidant activities through several mechanisms such as free radical scavengers, reducing agents, metal chelators and inhibitors of lipid peroxidation (Samaranayaka & Li-Chan, 2011; Power, Jakeman, & FitzGerald, 2013; Damgaard et al., 2015) .
Peptide profile of the digested cooked samples
The peptide profile of samples subjected to cooking treatments and in vitro digestion was fully characterised by analysing the samples through nLC-MS/MS for the identification of peptides. The relative quantification of the peptides was performed using a label-free method using extracted peak intensities. So, a total of 459 peptides derived from 57 proteins were identified and quantified to establish differences between the control (extracted with H 2 0 and no cooking treatment) and cooked samples (100 ºC ACCEPTED MANUSCRIPT
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16 20 min, and 100 ºC 1 h). To this end, a Principal Component Analysis (PCA) was carried out to assess differences between samples and obtain information about the most influential peptides (see Figure 4) . The PCA showed two statistically different groups, being sample cooked at 100 ºC for 1 h located in a different cluster of the other two samples ( Figure 4A ). Component 1 was responsible for 52.9 % of the variability in the dataset, whereas Component 2 explained 20 % of the variance within the dataset.
Additionally, the loading plot ( Figure 4B ) revealed all the peptides responsible for influencing the clustering of data, showing the peptides derived from collagen protein the greatest influence for the description of the two discriminant components. These peptides were statistically analysed as showed in Figure 5 . The PCA separated three statistically different groups that match with the three different treatments ( Figure 5A ).
Component 1 explained 62.3 % of the variability in the dataset, which allowed the differentiation between samples cooked for 1 h from the other two samples. On the other hand, Component 2 was responsible for 14.3 % of the variance within the dataset for these two discriminant components, discriminating between the control sample and the sample cooked for 20 min. The loading plot ( Figure 5B ) revealed main peptides responsible for the observed differences, which are indicated with higher colour density values. In this regard, Table 1 shows the sequences of those peptides mainly responsible for the differences observed after digestion of the sample cooked for 1h at 100ºC. The complete list of sequences that have been identified and relatively quantified using the label-free approach is shown in Table 1_supplementary material.
Even though the digestion process leads to the breakdown of proteins, proteolysis is greatly responsible for the generation of thousands of small peptides and free amino acids due to the action of endogenous enzymes on sarcoplasmic and myofibrillar proteins (Toldrá & Flores, 1998) . 
Conclusions
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This study reports the presence of antioxidant peptides derived from dry-cured ham bones, which have been traditionally used in the Mediterranean household cooking of broths and stews. In general, cooking increased the antioxidant activity whereas simulated gastrointestinal digestion did not show a significant effect on the antioxidant activity of samples despite the analysis of peptide profile by MALDI-TOF MS revealed the generation of novel peptides, mainly in the samples cooked at 100 ºC for 1 h. A total of 459 peptides derived from 57 proteins of origin were identified and relatively quantified by LC-MS/MS, being those peptides derived from collagen the most influential to establish differences between the uncooked and cooked samples after digestion. In conclusion, dry-cured ham bones appear to be a good source of antioxidant peptides after household cooking preparations and considering gastrointestinal digestion, giving an added-value to these by-products that was not considered to date. A C C E P T E D M A N U S C R I P T ACCEPTED MANUSCRIPT
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A C C E P T E D M A N U S C R I P T 39 HIGHLIGHTS Cooking and in vitro digestion on the antioxidant activity of broths was evaluated.Cooking increased the antioxidant activity of ham by-products. Collagen peptides were responsible for the antioxidant differences between samples. Dry-cured ham bones has resulted a potential source of antioxidant peptides.
